This study was conducted to investigate the effects of dietary supplementation of prebiotic on behavioural patterns performance and some blood parameters of ducks. A total of forty-eight 15 days-aged ducks (Mule) were randomly allotted to three dietary treatments containing 0 (Control), 1.5 g/ kg and 3.0 g/kg prebiotic, respectively. The results indicated that using prebiotic as a feed additive at a dose of 1.5 g/kg effect on duck movement activities as it increased walking and standing activities, while it reduced the resting behavioural activities. Further, regarding the ingestive behaviour, both 1.5 and 3.0 g/kg prebiotic addition increased the feeding activities, while, only adding 3.0 g/kg prebiotic increased the drinking activities in comparison to the control. Moreover, the result indicated that prebiotic did not affect preening activities. Moreover, the inclusion of prebiotic at 1.5 or 3.0 g/kg caused numerical improvement in all measured performance parameters (i.e. body weight, weight gain, feed consumption, feed conversion ratio, caloric conversion ratio, and performance index). The 3.0 g/kg level of prebiotic induced significant decreased in serum cholesterol and both 1.5 and 3.0 g/kg prebiotic increased the HI titer of Avian influenza vaccine. In conclusion, prebiotic supplementations up to 0.30 g/kg diet show a non-significant positive effect on duck growth performance. However, the behavioural and haematological responses of duck to prebiotic supplementation are needed to be carefully considered.
Introduction
Ducks have an essential role as meat and egg producing poultry in Egypt. Egypt is a relevant "duck country" there are likely between 30 and 55 million ducks in the backyard sector, plus nearly 5 million ducks in commercial farms (Hogerwerf and Sidding, 2007) . The duck sector in Egypt is the following in rank after the chicken sector; 46 % of family producers, who have any poultry, will have ducks (Ali et al., 2011) . The mule ducks are sterile intergeneric hybrids resulted from the mating between male Muscovy ducks and female common ducks (Anus plutyrhynchos), (El-Sayed and Mahrous, 2013) . The Mule duck is famous due to its attractive marbled meat which makes for special delicacy. This genotype differs from the domestic duck in many respects, especially in the lower fat content of the body and in the meat quality.
Modifications of diet are one among the most preferred and practical ways to improve the productivity in poultry. Mannan-Oligosaccharides (MOS) and Β-Glucans are components of yeast cell walls. MOS include proteins, glucans and phosphate radicals as well as mannose (Klis et al., 2002) . MOS proteins have relatively high proportions of serine, threonine, aspartic and glutamic acids, and a paucity of methionine (Song and Li, 2001) . βglucans is a heterogeneous group of glucose polymers, research work in humans and rats stated that β -glucans reduced the harmful physiological and metabolic changes induced by oxidative stress conditions through down-regulation of c-fos and c-jun expression in brain tissue and reactive oxygen species activities (Saluk et al., 2013 , Hong et al., 2014 Recently, MOS and β-glucans prebiotic has received much attention as a dietary supplementation for promoting production and health in various animals including cattle and chickens (Koksal et al., 2013 , Uyeno et al., 2015 , Mahmoud et al., 2017 . In poultry, MOS and the β-glucans combination have been used as immunestimulant and antioxidant to prevent ochratoxicosis and to treat chicken immune dysfunction (Awad et al., 2009) . As well, it used for reducing the adverse effects of delayed feed access on growth rate in broiler chickens (Koksal et al., 2013) . The addition of prebiotic to the feed of Pekin ducklings increased live weight with 4.94 % in males and with 4.67 % in female, and improved the feed conversion ratio; due to the positive effect of the prebiotic on the healthy digestive microflora of birds, and the microbicide effect resulting in better utilization of feed, and an improvement in the poultry health, growth, and welfare (Gerzilov et al., 2011) .
Currently, MOS and the β-glucans combination are being produced commercially for their potential prebiotic effects, especially as growth promoters. Even though reports concerning the significance of MOS and β-glucans combination in poultry are gaining popularity, still little is known of its ability to improve the duck health status and performance.
Thus, this study investigated the possible effect of a specific combination of MOS and β-glucans (AGRIMOS®) obtained from the yeast cell wall of Saccharomyces cerevisiae on behavior of Mule ducks, aiming to evaluate the effects of AGRIMOS® dietary supplementation as a new feeding strategies to improve duck production as it has limited scientific bases aiming to determine its advantages and disadvantages and get more information about it to guide the duck farmers either to go for application or no.
Materials and Methods

1.Ethics statement
All procedures and protocols were agreed by the Faculty of Veterinary Medicine Assiut University, Egypt.
2.Mannan-Oligosaccharides and β-Glucans Combination
MOS and β-glucans prebiotic market product AGRIMOS ® was obtained from LALLEMAND SAS Co. (19 Rue des Briquetiers, 31702 Blagnac Cedex, France), distributed by Egavet Co., Egypt.
Birds and Husbandry
A total of forty-eight 15 days-aged ducks (Mule) were obtained from a local hatchery El Rehab, El Waelday St. Assiut, Egypt. Each bird was received the oilemulsified inactivated A/chicken/Mexico/232/94 (H5N2) vaccine (vaccine virus titer: 108.5 EID 50 or 256 HAU/dose) at the 15 th day of age. The birds were randomly assigned to 12-floor pens (1× 1 m per pen) in the same room at the Faculty of Veterinary Medicine Hospital. Wood shavings (5-cm depth) were used as litter. Temperatures and humidity were measured every 4 hours by using wall mount thermohydrometer which was fixed 30 cm above the litter surface. All ducks groups were fed diets as shown in Table 1 formulated according to the requirements proposed by the NRC (1994).
4.Experimental Design
At 15th d of age, the forty-eight birds were assigned based on body weight similarity to three experimental groups. Each treatment involved 4 replicates with four birds in each replicate. The experimental groups included a control group with a basal diet used in duck feeding. The remaining groups received an additional to basal diet AGRIMOS® 1.5 g/kg and 3.0 g/kg, respectively as shown in Table 1 
5.Behaviour observation
The birds' behavioural patterns were observed according to the predefined ethogram (Table 2) using the instantaneous scanning sampling method at 10 min. Interval per hour (Altmann, 1974) twice a day from 08:00 to 09:00 and from 14:00 to 15:00, for three days weekly (From Monday to Wednesday) during the entire experiment (From 15 to 60 days of age). To avoid interrupting bird behaviour, all observations were made from outside of the pens with a distance of 1.5 m and by single experienced persons. Behaviour was scanned 12 times each day (i.e. each pen scored six times/hr). Data are presented as the proportion of each behavioural frequency "number of scans out of the total number possible" (Mahmoud et al., 2015) .
6.Performance of ducks
Body weight and feed intake were recorded every two weeks during the experiment. Body weight gain, feed conversion ratio, caloric conversion ratio (kcal ME consumed / g gain) and growth performance index as live body weight (kg) / FCR X 100 were calculated. Both feet are in contact with the floor, but no other body part is in contact with the floor. Sitting
Most of the ventral region of the bird's body in contact with the floor. Although no space is visible between the floor and the bird. Walking
The bird is in the process of taking multiple steps. Feeding
Bird's head is located inside the feeder. Drinking
Bird's beak is in contact with the drinker. Preening
Gently pecking or scratching its feathers. Ground pecking Pecking on the non-edible object (ground, letter, walls).
7.Carcass traits
At the end of the experiment, two birds from each replicate were randomly selected and weighed live, slaughtered by neck cut and allowed to bleed. Afterwards, the birds were scalded, de-feathered and carcasses were eviscerated. The weight of carcass, gizzard, heart, liver, spleen, bursa and thymus were taken, and data were expressed as the relative weight of live body weight.
8.Blood parameters and Avian influenza vaccine titer
Blood samples were collected from 12 birds each group at 60th day of age. Sample collection and processing were done using proper personal protective equipment (PPE). Serum was separated by centrifugation at 3000 rpm for 10 min and stored at -18 °C until analysis. A) Total protein and its fractions (albumin and globulin) and cholesterol were determined by spectrophotometer using commercial test kits (Spectrum, Cairo, Egypt). b) Hemagglutination inhibition (HI) assay of Avian influenza vaccine was performed as previously described (World Health Organization, 2002) . Briefly, serum samples were first inactivated for 30 min at 56 °C. Serial two-fold dilutions of serum samples were then incubated with four units of homologous A/chicken/Mexico/232/94 (H5N2) antigen at 37 °C for one h. Twentyfive microliters of 1% chicken red blood cells (CRBC) were then added and incubated at room temperature for 45 min. The HI titer was defined as the reciprocal of the highest dilution of serum which ultimately prevented the agglutination of CRBC.
Economic efficiency
Feed cost was calculated by feed intake, cost of the basal diet and the prices of feed additives. The economic efficiency was expressed as a percent of net revenue/ feed cost.
Statistical Analysis
The data were analysed by one-way analysis of variance using the general linear model procedures of SPSS 16.00 Software (SPSS Inc., Chicago, IL, USA); significance was designated as P ≤ 0.05. Means were compared by Tukey's test when a significant difference was detected.
Results
Bird behaviors
Inactivityresting
The resting activities of birds are presented in figure 1. The results clarified that dietary supplementation with 1.5 g/kg prebiotic significantly (P≤0.05) decreased resting activity compared to the control group. In contrast, the supplementation of the diet with 3.0 g/kg prebiotic did not affect resting activities compare to control.
Mobility behaviours
The overall relationships between prebiotic treatments and mobility behaviours, including standing and walking presented in figure 1, shown that dietary supplementation with 1.5 g/kg prebiotic significantly (P≤0.05) increased the walking and standing activities of the birds in comparison to the control group. In contrast, the supplementation of the diet with 3.0 g/kg prebiotic did not affect walking and standing activities of the birds compared to control. The effects of different prebiotic supplementation (0, 1.5, and 3.0 g/kg) on mobility and resting behavioural activities of broiler ducks, (Means ±SE represent the percentage activities of all birds per pen). a,b Columns with no common superscript differ significantly (P < 0.05).
Nutritive behaviours
Results presented in figure 2 showed that both 1.5 g/kg and 3.0 g/kg prebiotic significantly increased feeding activity than the control group. While drinking activity was only significantly (P≤0.05) increased in the 3.0 g/kg groups in comparison to the control group. The effects of different prebiotic supplementation (0, 1.5, and 3.0 g/kg) on nutritive behaviour activities of broiler ducks, (Means ±SE represent the percentage activities of all birds per pen ). a,b Columns with no common superscript differ significantly (P < 0.05).
Comfort behaviours
The effect of prebiotic on comfort behaviours was presented in figure 3. Results showed that both 1.5 g/kg and 3.0 g/kg prebiotic not affected duck preening activities in comparison to control. While, only 3.0 g/kg prebiotic significantly increased the leg stretching activities, but the 1.5 g/kg prebiotic not significantly increased the leg stretching activities in comparison to control.
Figure 3.
The effects of different prebiotic supplementation (0, 1.5, and 3.0) on comfort and ground pecking behaviour activities of broiler ducks, (Means ±SE represent the percentage activities of all birds per pen). a,b Columns with no common superscript differ significantly (P < 0.05).
Ground pecking behaviours
Results presented in figure 3, showed that both 1.5 g/kg and 3.0 g/kg prebiotic significantly decreased the ground pecking activities in comparison to control.
Growth performance
The effects of dietary supplementation of prebiotic on growth performance parameters are summarized in Table 3 . Ducks supplemented with prebiotic had a higher body weight in comparison to the control group. However, the difference in body weight was not significant (P>0.05). The ducks fed on prebiotic at both levels 1.5 g/kg and 3.0 g/kg showed no significant (P>0.05) difference in weight gain, feed intake, feed conversion ratio (FCR), growth performance index and caloric conversion values as compared to control birds during the entire experimental period.
3.Carcass characteristics
The data in Table 4 showed that the relative weight of liver tended to be lower (P < 0.05) for prebiotic fed birds (1.84 and 2.18% for 1.5 and 3.0 g/kg prebiotic, respectively) than the control birds (2.36%). The weight of thymus relative to the BW tended to be numerically higher for prebiotic groups (0.70 and 0.64% for 1.5 and 3.0 g/kg prebiotic, respectively) compared with the control group (0.56%). Also, the dressing percentage and total weight of gizzard, heart, spleen, and bursa remained unaffected by prebiotic dietary supplementation Table 3 . Effect of prebiotic supplementation (0, 1.5, and 3.0 g/kg) on broiler duck performance during the experimental period from 15 to 60 days of age.
*Initial =2 weeks of age Table 4 . Effect of prebiotic supplementation (0, 1.5, and 3.0 g/kg) on dressing and internal body organs in broiler duck during the experimental period from 15 to 60 days of age.
Means within the same row with different superscripts are significantly different (P < 0.05).
Blood metabolites
The obtained results showed that the addition of prebiotic had no significant effect on total protein, albumin and globulin level ( Table 5 ). The results also showed that adding prebiotic at 3.0 g/kg level to duck diets significantly (P<0.05) decreased serum cholesterol. Table 5 . Effect of prebiotic supplementation (0, 1.5, and 3.0 g/kg) on serum constituents in broiler duck during the experimental period from 15 to 60 days of age.
Avian influenza HI titer in Ducks
The effect of prebiotic supplementation on the HI titer of Avian influenza vaccine are presented in Figure 4 . There was a difference between treatment groups and control group. The average HI titer was 5.5 log 2 in control (Basal diet), 7.3 log 2 and 8.25 log 2 in 1.5 and 3.0 g/kg prebiotic treated groups, respectively. The effects of different prebiotic supplementation (0, 1.5, and 3.0 g/kg) on HI titer at 60thday old broiler ducks, (Means ±SE). a,b Columns with no common superscript differ significantly (P < 0.05). Table 6 clarified that the total production cost and total revenue were the highest (47.48 and 53.72 L.E, respectively) in treatment 3.0 g/kg prebiotic and the lowest in treatment 1 (control group). Also, the lowest net revenue and economical feed efficiency (6.24 and 2.32 L.E, respectively) were found in the group fed on 3.0 g/kg prebiotic, while the highest values (6.48 Item Prebiotic treatment 0 g/kg 1.5 g/kg 3.0 g/kg SEM P 
6.The economy of broilers duck's production
Discussion
In the current experiment, the results clarified that prebiotic dietary supplementation had induced several behavioural changes which could be endorsed to the enhancement of the birds' health status due to prebiotic immunestimulant and antioxidant characteristics (Koksal et al., 2013 , Sadeghi et al., 2013 , Mahmoud et al., 2017 . According to the author's knowledge, there are no available researches on the effect of MOS and β-glucans prebiotic on mobility activities and leg health of duck. The results from the current investigation indicated that 1.5 g/kg of prebiotic dietary supplementation reduced the resting activities in comparison to the controls. Furthermore, 1.5 g/kg prebiotic significantly increased the walking and standing activities of the birds in comparison to the control group. Similar results were recorded in broiler chicken exposed to heat stress by Mahmoud et al. (2017) who indicated that Agrimos dietary supplementation at 0.4% significantly reduced the resting activities in comparison to the controls. Likewise, they recorded that 0.05, 0.2 and 0.4% Agrimos dietary supplementation significantly expanded the walking activity of the birds in comparison to the control group. The current investigation hypothesized that MOS and β-glucans prebiotic may reduce the incidence of leg problems and increased walking activities due to its role in stimulating the immune system as well as its activity within the intestinal tract (lower PH and ammonia of the digest; effects on the intestinal pathogens and modify the bacterial fermentation) resulting in improvement of birds walking abilities. Supporting this suggestion Youssef (2011) reported that dietary supplementation of growing turkeys with 1% MOS tend to reduce the foot pad scores.
The data of the current investigation indicated that both 1.5 and 3.0 g/kg prebiotic significantly increased the duck feeding activity than the control group, due to the positive effect of the prebiotic on the healthy digestive microflora of birds and the microbicide effect causing better utilisation of feed, and an improvement in the poultry health. On the contrary, Awad et al. (2009) and Wang et al. (2016) reported that MOS and β-glucans prebiotic inclusion had no beneficial effect on feed consumption in broiler chickens either exposed to stress condition or raised under the reasonable recommended environmental condition. Further, the current study results clarified that duck drinking activity was significantly increased by 3.0 g/kg prebiotic group in comparison to the control group. Similarly, Mahmoud et al. (2017) reported that drinking activities of broiler chicken exposed to heat stress were significantly increased in 0.4% group compared to control and other treatments group. The increased water intake in birds supplemented with prebiotic may be attributed to the increase in feeding activities.
The current results showed that both 1.5 and 3.0 g/kg prebiotic did not affect duck preening activities in comparison to control. On the contrary, in broiler chicken exposed to heat stress Mahmoud et al. (2017) reported that preening activities were increased in birds fed with 0.4%. Regarding the leg stretching activities of ducks, the current results clarified that only 3.0 g/kg prebiotic significantly increased the leg stretching exercises of ducks. Similarly, Mahmoud et al. (2017) indicated that 0.05, 0.2 and 0.4 % Agrimos significantly increased the Wing and leg stretching activities of broiler chickens exposed to heat stress. This increase in leg stretching movements may reflect the improvement in the health status of the birds. Furthermore, using 1.5 and 3.0 g/kg prebiotic significantly decreased the ground pecking activities in comparison to control. On the contrary, Mahmoud et al. (2017) indicated that dietary supplementation of Agrimos at doses of 0.05, 0.2 and 0.4 % did not affect wall pecking activities in broiler chicken exposed to heat stress. In the current study, reduced ground pecking may be related to the increased feeding activities of duck. Regarding the differences between the current work results and Mahmoud et al. (2017) , the different findings may be associated to several factors, such as the doses of prebiotic, age, and species of birds, and levels of stressors. The current investigation is finding clarified that dietary supplementation of the diet with 1.5 and 3.0 g/kg MOS and βglucans prebiotic not affect the performance indicators (body weight, weight gain, feed intake, growth performance index and caloric conversion values). The findings of Cengiz et al.(2012) could support these results and Koksal et al. (2013) who reported that MOS and βglucans prebiotic insertion had no beneficial effect on growth rate and feed consumption in broiler chickens exposed to post-hatch holding time stress. Also, Iriyanti et al. (2018) reported that performance (live weight, body weight gain, and feed intake) of ducks were not significantly affected by Mannanoligosaccharide supplementation at 0.2% of the total feed. These findings disagree with previous works done by Sohail et al. (2012) which revealed that dietary supplementation of MOS enhanced growth and decreased corticosterone concentrations in heat stressed broiler chickens. Similarly, Shendare et al. (2008) reported that insertion of 0.1% MOS and βglucans prebiotic in the diet of broiler chickens raised under average environmental temperature significantly improved body weight gain and feed efficiency of birds as compared to the control diet. Despite the current investigation recorded that prebiotic induce a significant increase in feeding activities, there were no differences in feeding amount consumed by ducks. This difference may be attributed to the instantaneous scan sampling technique which used for recording behaviour as it only recorded the percentage of birds doing feeding activities and not calculating the actual feeding time or visiting number to the feeding trough.
The results of the present study indicated that prebiotic supplementation to the duck diet has a significant effect on the relative weight of liver. The beneficial effects of prebiotic on liver health are due to the positive changes in gut microflora. Controlling flora bacteria quantity can lead to minimized endotoxins production derived from bacteria such as ethanol and phenol which cause injury to the liver. Decreased levels of these compounds in the liver result in lowering of proinflammatory production such as Interleukin 6 and Tumor necrosis factor alpha via regulation of Nuclear factor kappa B. Also, they can lower urease activity of microflora bacteria followed by production of ammonia and liberate into the portal system. Furthermore, probiotic decreases the ammonia adsorption by reducing the fecal pH value (Javadi et al., 2017) . On contrary Yalçin et al. (2014) reported that dietary supplementation with 0.1, 0.2 and 0.3 % yeast cell wall (InteMos) not affect the relative weights of the liver in Ross 308 male broiler chicks raised under the average temperature. Also, Kalavathy et al. (2003) , Chen et al. (2009) , Mehrabadi and Jamshidi (2019) reported that prebiotic had no significant effect on liver weight.
The dressing percentage and relative of thymus, gizzard, heart, spleen, and bursa remained unaffected by dietary supplementation. These results are in agreement with previous research work which reported that dietary inclusion of prebiotics for broiler chicks did not affect the carcass yield percentage, hearts, proventriculus, gizzard, bursa and spleen weight (Abdel-Raheem and Abd-Allah 2011 , Cengiz et al., 2012 , Sarangi et al., 2016 .
The found results proved that the insertion of prebiotic had no significant effect on total protein, albumin and globulin level. The results were by the findings of Mahmoud et al. (2017) who reported that supplementing broiler diet with prebiotic did not have any effect on total protein, albumin, and globulin. However, Helal et al. (2015) recorded that total serum protein increased in MOS supplemented group in comparison with the control one. Similarly, the current investigation results showed that adding prebiotic at 3.0 g/kg level to duck diets significantly decreased serum cholesterol. This finding agrees with the earlier findings of Abdel-Raheem and Abd-Allah (2011) who stated that the concentration of serum cholesterol reduced considerably due to MOS supplementation. The lipid-lowering properties of prebiotics might be related to the changes in the intestinal bacterial flora composition, which ferments prebiotics to produce short-chain fatty acids in the gut and then causes a decrease in the systemic levels of blood lipids and cholesterol (Li et al., 2007) . On the contrary, Yalcinkaya et al. (2008) noted that dietary inclusion of MOS to broilers diet could not significantly reduce the serum cholesterol.
The findings of the current investigation showed that prebiotic improves the immune responses in duck as it reflected by increased the HI titer of avian influenza vaccine. Similarly, Tohid et al. (2010) reported that the addition of MOS (0.1, 0.2 and 0.3%) to the diet significantly increased antibody production against AIV in broiler chickens from 28 to 42 days of age. Supporting these results both Newman (1994) and Tohid et al. (2010) proposed that the increase of antibody titers in treated birds to the ability of oligosaccharides in the yeast cell wall to bind to viruses and work as an adjuvant of vaccines. It is already well-known that dietary supplementation of mannanoligosaccharide increased local mucosal IgA secretions; humoral and cell-mediated immune responses (Gómez-Verduzco et al., 2009 ) beta-glucans exposure increased interleukin-1 (IL-1) production as well as induced macrophage to proliferate. Dietary beta-glucans supplementation improved the macrophage phagocytic activity. Moreover, the primary and secondary lymphoid organs such as bursa of Fabricius, thymus, and spleen were larger in beta-glucanssupplemented chicks as compared to the chicks on a basal diet (Guo et al., 2003) . The total production cost and total revenue were highest (47.48 and 53.72 L.E, respectively) when using prebiotic at level 3.0 g/kg compared to the control group. Furthermore, the lowest net revenue and economical feed efficiency (6.24 and 2.32 L.E, respectively) were found in the group fed on 3.0 g/kg prebiotic, while the highest values (6.48 and 2.49 L.E, respectively) were found for the control group. These results are in contrast with Kamel and Mohamed (2016) who recorded that the economic efficiency measurement value was increased by prebiotic.
Conclusion
In conclusion, the behavioural and physiological responses of duck to prebiotic supplementation are needed to be carefully considered to obtain maximal growth-promoting effects of prebiotic in duck production. Similarly, the results showed that dietary inclusion of prebiotics to duck diets did not significantly improve the growth performance and carcass traits as well as increase the cost of the ration.
